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Abstract 
Starting from chlorodimethyl(phenyl)silane (3), acetyldimethyl(phenyl)silane (l) was prepared by a two-step synthesis in a total yield 
of 90% [PhMe2SiCl (3)-+ PhMe2SiCCOMe)=CH2 (4)-+ PhMe2SiC(O)Me (1)]. The prochiral acetylsilane 1 was transfonned 
enantioselectively into (R)-(1-hydroxyethyl)dimethyl(phenyl)silane [(R)-2] using plant cell Suspension cultures of Symphytum 
officinale L. or Ruta graveolens L. Under preparative conditions (300-mg scale, not optimized), (R)-2 was isolated in 15% 
(Symphytum) and 9% yield (Ruta), respectively. The enantiomeric purities of the products were 81% ee (Syrnphytum) and 60% ee 
(Ruta), respectively. 
1. Introduction 
In 1983 we demonstrated for the first time that 
biotransformations can be used as a synthetic method 
in organosilicon chemistry [1]. Subsequently, many pa-
pers dealing with microbial transfonnations or enzy-
matic conversions of organosilicon compounds have 
appeared (for our investigations see refs. 2-17 and for 
sturlies by other groups see refs. 18-26). In some of 
these investigations, it was shown that biotransforma-
tions can be used for the synthesis of optically active 
silanes with the silicon atom as the centre of chirality 
[2-4,6,8, 15,16,22]. 
In the course of our systematic studies on biotrans-
formations of organosilicon compounds, we have 
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demonstrated that acetyldimethyl(phenyl)silane (1) can 
be transformed enantioselectively into (R)-{1-hydroxy-
ethyl)dimethyl(phenyl)silane [(R)-2] using various 
strains of microorganisms (bacteria, fungi, yeasts, 
cyanobacteria, green algae) (Scheme 1) [5,7,11,12]. Here 
we report the first results arising from use of plant cell 
suspension cultures to bring about this reaction. We 
describe (i) a new synthesis of the prochirat acetylsi-
lane 1 (for the first synthesis, see [27]) and (ii) its 
enantioselective conversion into the corresponding {1-
hydroxyethyl)silane (R)-2 by plant cell suspension cul-
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tures of Symphytum officinale L. or Ruta graveolens L. 
This is, to the best of our knowledge, the first report of 
biotransformations of an organosilicon substrate involv-
ing suspension cultures of whole plant cells. 
2. Results and discussion 
Starting from chlorodimethyl(phenyl)silane (3), 
acetyldimethyl(phenyl)silane (1) was prepared by a 
two-step synthesis as shown in Scheme 2 [28]. In the 
first step, 0-methoxyvinyl)dimetbyl(phenyl)silane ( 4) 
was synthesized in 92% yield by reaction of 3 with 
0-methoxyvinyl)lithium. In the second step, the (1-
methoxyvinyl)silane 4 was transformed in 98% yield 
into the corresponding acetylsilane 1 by an acid-cata-
lyzed hydrolysis. This synthesis of 1 (total yield 90%) is 
more advantageaus than that described in [27] (better 
yield; avoidance of mercury and cadmium salts). 
3 
Scheme 2 
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The prochiral acetylsilane 1 was reduced enantio-
selectively with plant cell suspension cultures of Sym-
phytum officinale L. or Ruta graveolens L., to give the 
corresponding (R)-{1-hydroxyethyl)silane (R)-2 
(Scheme 3). The biotransformations were carried out 
at 25°C on a preparative scale (300-mg scale) in an 
acidic medium [pH 5.6 (Symphytum); pH 5.1 (Ruta)] in 
the dark. In both cases the substrate concentration was 
0.6 gjl. After an incubation time of 4 h, no more 
substrate was detectable ( GLC control). The cell mass 
was subsequently separated by centrifugation, and the 
biotransformation products were isolated from the 
aqueous phase by extraction with ethyl acetate and 
were then purified by column chromatography on silica 
gel [yield 15% (Symphytum) and 9% (Ruta), respec-
tively; enantiomeric purity 81% ee (Symphytum) and 
60% ee (Ruta), respectively]. Considerable amounts of 
dimethyl(phenyl)silanol (PhMe 2SiOH) and tetra-
methyl-1 ,3-diphenyldisiloxane (PhMe2 SiOSiMe2 Ph), 
respectively, were detected as by-products of these 
bioconversions. It is not clear whether these com-
pounds were formed chemically or enzyrnatically. 
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The absolute configuration and enantiomeric purity 
of the biotransformation products were determined, 
after derivatization with (R}-a-methoxy-a-(trifluoro-
methyl)phenylacetyl Chloride [(R)-MTP A a] (Scheme 
4), by 1H and 19F NMR spectroscopic sturlies of the 
corresponding MTP A esters using the general method 
described in [29]. For purposes of comparison, racemic 
2 (rac-2; available according to [5]) and a 1 : 1 mixture 
of the corresponding diastereomeric MTP A esters 
(R,S)-5 and (S,S)-5 [available by esterification of rac-2 
with (R)-MTPA a [30]; Scheme 4] were prepared. 
The enantiomeric purities of the biotransformation 
products (81% ee and 60% ee, respectively) were simi-
lar to those observed in most of the previously reported 
microbial reductions (see [5,7,11,12]). No further at-
tempts to improve the poor yields of (R)-2 (15% and 
9%, respectively) were made. The aim of this study was 
to demonstrate that plant cell suspension cultures can 
be used for the synthesis of optically active organosili-
con compounds. 
3. Experimental 
3.1. Chemical syntheses 
All syntheses were performed under dry nitrogen 
using dried organic solvents. The 1 H, 13C and 29Si 
NMR spectra of 1, 2 and 4 were recorded on a Broker 
WM-400 (1H, 400.1 MHz; 13C, 100.6 MHz) or a Broker 
AC-200 spectrometer (29Si, 39.7 MHz). Chemical shifts 
(ppm) were determined relative to intemal CHC13 ( 1H, 
8 7.25), CDC1 3 ( 13C, 8 77.05) and TMS ( 29Si, 8 0). 
Assignment of the 13C data was supported by DEPT 
experiments; the results of these ex:periments are in· 
cluded in the assignments. The 1H and 19F NMR 
spectra of S were recorded on a Bruker AC-250 spec· 
trometer at 250.1 and 235.3 MHz, respectively; chemi· 
cal shifts (ppm) were determined relative to internal 
CHQ 3 ( 1H, 8 7.25) and extemal CFQ3 ( 19F, 6 0). 
Mass spectra were obtained wit.h a Finnigan-MAT-8430 
mass spectrometer (EI MS, 70 eV); the mjz values 
given refer to the isotopes 1 H, 12C, 160 and 28Si. 
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Acetyldimethyl(phenyl)silane (1) 
Compound 4 (10.0 g, 52.0 mmol) was added drop-
wise during 2 min at 200C to a stirred mixture of 
acetone and 1 M hydrochloric acid (30 ml; 4: 1, v jv). 
After 70 min stirring at 20°C (exclusion of light), di-
ethyl ether (50 ml) and water (50 ml) were added and 
the mixture was shaken. The organic layer was subse-
quently separated and the aqueous phase extracted 
twice with diethyl ether (2 X 25 ml). The combined 
organic extracts were washed three times with water 
(3 X 10 ml) and then dried over Na2S04 • The solvent 
was removed under reduced pressure (rotary evapora-
tor) and the residue subsequently purified by Kugel-
rohr distillation (oven temperature 52°C, 0.4 Torr) to 
yield 9.1 g (98%) of a pure (1H and 13C NMR) liquid 
product, which was stored at - 200C (exclusion of 
light). 1H NMR (CDCI 3): 8 0.48 (s, 6H, SiCH3); 2.21 
(s, 3H, CCH3); 7.3-7.4 and 7.5-7.6 (m, 5H, SiC6H 5). 
13C NMR (CDC13): 8 -4.9 (SiCH3); 35.9 (CCH3); 
128.2 (Cm, SiC6H 5); 129.9 (CP, SiC6 H 5); 133.9 (C , 
SiC6H5); 134.3 (C;, SiC6H 5); 207.9 (CO). 29Si NMR 
(CDC1 3): 8 -16.5. MS: mjz 178 (6%, M+), 135 (100%, 
M+- C(O)CH3). C 10H 140Si (178.3). 
rac-( 1-Hydroxyethy/)dimethy/(phenyl)silane ( rac-2) 
This was prepared as described in [5]. 
Chlorodimethyl(phenyl)silane (3) 
This was a gift from the Bayer AG (Leverkusen). 
{1-Methoxyviny/)dimethy/(pheny/)silane ( 4) 
A 1.6 M solution of t-butyllithium in n-pentane (338 
ml, 0.54 mol tBuLi) was added dropwise during 2.5 h at 
-78°C to a stirred solution of methyl vinyl ether (39.0 
g, 0.67 mol) in tetrahydrofuran (240 ml); a yellow 
precipitate was formed. The mixture was allowed to 
warm during 3 h to ooc [giving a colourless solution of 
(1-methoxyvinyl)lithium] and then cooled to -700C. A 
solution of 3 (70.0 g, 0.41 mol) in tetrahydrofuran (100 
ml) was added dropwise during 1.5 h at -700C to the 
stirred solution of {1-methoxyvinyl)lithium, and the 
mixture then allowed to warm during 3 h to 200C and 
stirred for 20 h at this temperature. The resulting 
mixture was shaken twice with a saturated aqueous 
solution of ammonium chloride (2 X 150 ml), the or-
ganic layer was separated, the combined aqueous 
phases were extracted twice with n-pentane (2 X 50 
ml), and the combined organic layers were then dried 
over K2C03• The solvent was removed under reduced 
pressure (rotary evaporator) and the residue purified 
by fractional distillation in vacuo (Vigreux column) to 
yield 72.5 g (92%) of a pure (1H and 13C NMR) liquid 
product; b.p. 42°Cj0.05 Torr. 1 H NMR (CDC13): 8 
0.39 (s, 6H, SiCH 3); 3.47 (s, 3H, OCH 3); 4.35 (d, 
2J(HH) = 2.1 Hz, lH) and 4.68 (d, 2J(HH) = 2.1 Hz, 
1H); (SiC=CH 2 ); 7.3-7.4 and 7.5-7.6 (m, 5H, SiC6H 5). 
13C NMR (CD0 3): 8 -3.6 (SiCH 3); 54.2 (OCH 3); 
95.3 (SiC=CH 2); 127.8 (Cm, SiC6H 5); 129.2 (CP, 
SiC6H 5); 134.0 (C0 , SiC6H 5); 137.1 (C;, SiC6H 5); 168.6 (SiC=CH 2). 29Si NMR (CDC1 3): 8 -11.4. MS: m/z 
192 (6%, M+), 135 (100%, M+- C(OCH 3)=CH 2). 
Anal. Found: C, 68.4; H, 8.6. C 11 H 160Si (192.3) calc.: 
C, 68.69; H, 8.38%. 
Transformation of rac-2 into a 1:1 mixture of the 
MTPA esters (~S)-5 and (S,S)-5 
(R)-a-Methoxy-a-(trifluoromethyl)phenylacetyl 
chloride [(R)-MTPA CI; prepared from (S)-(- )-a-
methoxy-a-(trifluoromethyl)phenylacetic acid (Fluka, 
65364) as described in [29]] (25 ~J-0 was added at room 
temperature to a stirred mixture of tetrachlo-
romethanejpyridine (1: 1, vjv; 600 JLO and rac-2 (25 
JLl). After 24 h stirring at room temperature [complete 
conversion as monitored by TLC; silica gel plates 
(Merck, 5735), n-hexane/ diethyl ether (1.8: 1, v jv), 
UV detection], 3-dimethylamino-1-propylamine (40 ~J-0 
was added, and the mixture was stirred for 10 min. 
Afteraddition of diethyl ether (10 ml) and 2M hydro-
chloric acid (10 ml), the organic layer was separated 
and shaken first with saturated aqueous Na 2C03 solu-
tion (10 ml) and then with water (10 ml). The organic 
layer was dried carefully over MgS04 , the solvent 
removed under reduced pressure, and the residue dis-
solved in CDQ 3 (0.5 ml). To remove traces of diethyl 
ether, the solvent was again evaporated off and the 
residue redissolved in CDCI 3• The sample obtained by 
this procedure was used for the NMR spectroscopic 
studies. Assignment of the absolute configuration at 
the asymmetrically substituted carbon atoms of the 
SiC*H(OR)CH3 moieties of the stereoisomers of 2 
and S was performed by the correlation method de-
scribed in [29]. 
(R,S)-S: 1H NMR (CDCI3): 8 0.32 (s, 3H, SiCH3); 
0.34 (s, 3H, SiCH3); 1.30 (d, 3J(HH) = 7.4 Hz, 3H, 
CCH3); 3.41 (q, uncomplete resolution, 5J(HF) = 1.0 
Hz, 3H, OCH 3); 5.16 (q, 3J(HH) = 7.4 Hz, 1H, 
SiCH(OR)C); 7.3-7~6 (m, lOH, SiC6 H 5 , CC6 H 5). 19F 
NMR (CDCI 3): 8 -71.8. . 
(S,S)-S: 1H NMR (CDCI 3): 8 0.26 (s, 3H, SiCH3); 
0.29 (s, 3H, SiCH3); 1.25 (d, 3J(HH) = 7.4 Hz, 3H, 
CCH 3); 3.47 (q, uncomplete resolution, 5 J(HF) = 1.0 
Hz, OCH 3); 5.18 (q, 3J(HH) = 7.4 Hz, 1H, 
SiCH(OR)C); 7.3-7.6 (m, lOH, SiC6H 5, CC6H 5). 19F 
NMR (CDCI 3): 8 -71.7. 
3.2. Biotransformations 
Plant ce/1 suspension cultures 
Symphytum officinale L.: The suspension culture of 
Symphytum officinale L. was established from a light 
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grown, friab1e and whitish callus. The callus was ob-
tained in 1983 from surface sterilized stem exp1ants on 
a B5-medium [31] containing 1 mg/1 2,4-dichlorophe-
noxyacetic acid (2,4-D) and 2% sucrose. The cell cul-
ture was grown in 250-ml Erlenmeyer flasks containing 
75 ml of the liquid 1 85-medium and subcultured every 
3 weeks (25°C, photoperiod 16 h/day). During the 
cu1tivation, the flasks were kept on a gyratory shaker 
(lnfors, München, Germany) at 120 rev.jmin. The cells 
were whitish to grey, remained sing1e or formed small 
aggregates and showed no signs of differentiation. 
Ruta graveolens L.: The suspension cu1ture of Ruta 
graveolens L. (R-MS) was established from a light 
grown, green callus in 1981, which was obtained from 
Professor Czygan (Würzburg, Germany) in 1977. This 
callus was initiated from bypocoty1 explants of sterile 
grown seedlings. The nutrient medium used was an 
MS-medium [32] containing 0.1 mg/1 2,4-D, 0.25 mg/1 
kinetin and 3% sucrose. The cell culture was grown in 
250-m1 Er1enmeyer tlasks containing 75 ml of the MS-
medium and subcultured every 4 weeks (25°C, pho-
toperiod 16 h/day). During the cultivation, the flasks 
were kept on a gyratory shaker (Infors, München, 
Germany) at 120 rev./min. The suspensionwas hetero-
geneaus in aggregate size and tended to form large, 
compact c1umps which were light- to dark-green. The 
culture showed other signs of differentiation like for-
mation of tracheid structures and idioblasts. 
Preparation of (R)-2 
Suspension cu1tures of Symphytum officinale L. and 
Ruta graveolens L. were grown for 2 weeks as described 
above, and 500 ml of each culture were transfered 
separately into 1-1 shaking flasks under sterile condi-
tions. Afteraddition of 1 (300 mg, 1.68 mmol) to each 
of the two flasks (substrate concentration 0.6 gjl}, the 
cultures were incubated aerobically for 4 h at 25°C and 
100 rev.jmin (rotary shaker RS 206, Infors AG, 
Switzerland). The cells (no more substrate was de-
tectab1e as monitored by GLC; see below) were then 
harvested by centrifugation for 30 min at 6000 rev.jmin 
and tooc (Cryofuge M, Heraeus-Christ, Osterode, Ger-
many ), the supematant liquids extracted twice with 
ethyl acetate (2 X 1 1), and the solvent removed in 
vacuo (rotary evaporator). The crude products were 
purified by column chromatography on silica gel [col-
umn diameter 2.5 cm; 50 g silica gel 60, 0.063-0.200 
mm, Merck, 7734; elution with di~thyl ether jhexane 
(1 : 1.8, v jv)], to yield 46 mg (15%, Symphytum) and 28 
mg (9%, Ruta), respectively, of a colourless liquid 
[enantiomeric purity 81% ee (Symphytum) and 60% ee 
(Ruta), respectively; the absolute configuration and 
enantiomeric purity of the respective biotransforma-
tion products (R)-2 were determined by NMR spec-
troscopy after derivatization with (R)-MTPA Cl, as 
described above for rac-2 [conversi!)n into (R,S)-S 1 
(S,S)-5)]. The 1H and 13C NMR spectra and the mass 
spectra of the purified products were identica1 with 
those of chemically prepared rac-2 (see [5]). 
Monitaring of the time course of the biotransforma-
tions: analytical procedure 
The progress of the bioconversions was monitored 
by GLC as follows: after starting the biotransforma-
tions, samples of 1 ml of the culture suspensions were 
taken after various times of incubation and subse-
quently extracted with 1 ml of dichloromethane. Quan-
titative determination of substrate and products was 
performed by GLC analysis of 1 J.L1 of each of these 
extracts using a Carlo Erba gas chromatograph [mode1 
GC 6000; packed OV-17 column (500 mm); tempera-
ture programme 80°C (2 min)-1SOOC (2 min) with 
20°C jmin; carrier gas nitrogen]. 
Acknowledgements 
R.T. acknowledges support of this work by the 
Deutsche Forschungsgemeinschaft, the Fonds der 
Chemischen Industrie and the Bayer AG (Leverkusen 
and Wuppertal-Eiberfeld). C.S. thanks the Deutsche 
Forschungsgemeinschaft for a Heisenberg fellowship. 
References 
1 R. Tacke, H. Linoh, B. Stumpf, W.-R. Abraham, K. Kieslieh and 
L. Ernst, Z. Naturforsch., 38b (1983) 616. 
2 R. Tacke, in H. Sakurai (ed.), Organosüicon and Bioorganosüicon 
Chemistry: Structure, Bonding, Reactivity and Synthetic Applica-
tion, Ellis H01wood, Chichester, 1985, pp. 251-262. 
3 R. Tacke and H. Zilch, L'Actualite Chim., (3) (1986) 75. 
4 R. Tacke and B. Becker, Main Group Met. Chem., 10 (1987) 169. 
5 C. Syldatk, H. Andree, A. Stoffregen, F. Wagner, B. Stumpf, L. 
Ernst, H. Zilch and R. Tacke, Appl. Microbiol. Biotechnol., 27 
(1987) 152. 
6 C. Syldatk, A. Stoffregen, A. Brans, K. Fritsche, H. Andree, F. 
Wagner, H. Hengelsberg, A. Tafe~ F. Wuttke, H. Zilch and R. 
Tacke, in H.W. Blanch and A.M. Klibanov (eds.), Enzyme Engi-
neering 9, Ann. N.Y. Acad. Sei., Vol. 542, The New York Academy 
of Sciences, New York, 1988, pp. 330-338. 
7 C. Syldatk, A. Stoffregen, F. Wuttke and R. Tacke, BiotechnoL 
Lett., 10 (1988) 731. 
8 R. Tacke and H. Linoh, in S. Patai and Z. Rappoport (eds.), The 
Chemistry of Organic Silicon Compounds, Part 2, Wiley, Chich-
ester, 1989, pp. 1143-1206. 
9 R. Tacke, H. Hengelsberg, H. Zilch and B. Stumpf, J. Organomet. 
Chem., 379 (1989) 211. 
10 K. Pritsche, C. Syldatk, F. Wagner, H. Hengelsberg and R. 
Tacke, AppL Microbiol. BiotechnoL, 31 (1989) 107. 
11 C. Syldatk, J. Fooladi, A. Stoffregen, M. Wettern, H. Hengels-
berg and R. Tacke, in G. Galling (ed.), Braunschweig Symposium 
on Applied Plant Molecu/ar Bio/ogy, Zentralstelle fuer Weiterbil-
R. Tacke et al. 1 Acety/dimethy/(pheny/)si/ane and its enantioselective bioconversion into (R)-0-hydroxyethy/)dimethy/(pheny/)silane 11 
dungder Technischen Universität Braunschweig, Braunschweig, 
1989, pp. 474-479. 
12 C. Syldatk, J. Fooladi, A Stoffregen, R. Tacke, F. Wagner and 
M. Wettern, in J.A.M. de Boot, J. Visser, B. Mattiasson and J. 
Tramper (eds.), Physiology of lmmobüized Cells, Elsevier, Ams-
terdam, 1990, pp. 377-385. 
13 L.· Fischer, C. Syldatk and F. Wagner, in H. Okada, A. Tanaka 
and H.W. Blanch (eds.), Enzyme Engineering 10, Ann. N.Y. 
Acad. Sei., Vol. 613, Tbc New York Academy of Sciences, New 
York, 1990, pp. 614-617. 
14 H. Hengelsberg, R. Tacke, K. Pritsche, C. Syldatk and F. Wag-
ner, I. Organomet. Chem., 415 (1991) 39. 
15 R. Tacke, S. Brakmann, M. Kropfgans, C. Strohmann, F. Wuttke, 
G. Lambrecht, E. Mutschler, P. Proksch, H.-M. Schiebeland L 
Witte, in A.R. Bassiodale and P.P. Gaspar (eds.), Frontiers of 
Organo.süicon Chemistry, The Royal Society of Chemistry, Cam-
bridge, 1991, pp. 218-228. 
16 (a) R. Tacke, S. Brakmann, F. Wuttke, J. Fooladi, C. Syldatk and 
D. Schomburg, I. Organomet. Chem., 403 (1991) 29; (b) R. Tacke, 
F. Wuttke and H. Henke, I. Organomet. Chem., 424 (1992) 273. 
17 R. Tacke, H. Hengelsberg, E. Klingner and H. Henke, Chem. 
Ber., 125 (1992) 607. 
18 Chisso Corporation Gnventors: N. Yoshida, M. Kaneoya and M. 
Uchida), Eur. Pat. 0 290 878 A2 (17th Nov. 1988); Chem. Abstr., 
112 (1990) 156700v. 
19 A. Tanaka, T. Kawamolo and K. Sonomoto, in H. Okada, A. 
Tanaka and H.W. Blanch (eds.), Enzyme Engineering 10, Ann. 
N.Y. Acad. Sei., Vol. 613, The New York Academy of Sciences, 
New York, 1990, pp. 702-706. 
20 B. de Jeso, N. Belair, H. Deleuze, M.-C. Raseie and 8. Maillard, 
Tetrahedron Lett., 31 (1990) 653. 
21 E. Santaniello, P. Ferraboschi and P. Grisenti, Tetrahedron Lett., 
31 (1990) 5657. 
22 A.-H. Djerourou and L. Blanco, Tetrahedron Lett., 32 (1991) 
6325. 
23 A. Tanaka and T. Kawamoto, Nippon Nögeikagaku Kllishi, 65 
(1991) 1115; Chem. Abstr., 115 (1991) 181391q. 
24 M.-H. Zong, T. Fukui, T. Kawamoto and A. Tanaka, App/. 
Microbiol. BiotechnoL, 36 (1991) 40. 
25 K. Sonomoto, H. Oiki and Y. Kato, Enzyme MicrobioL TechnoL, 
14 (1992) 640. 
26 R.B. Silverman, X. Lu and G.M. Banik, I. Org. Chem., 57 (1992) 
6617. 
27 H. Zilch and R. Tacke, I. Organomet. Chem., 316 (1986) 243. 
28 This synthesis is based on an established method for the prepara-
tion of acetylsilanes according to the sequence .SiCI -+ 
=SiC(OR)=CH 2 (R = Me, Et)-+ =SiC(O)Me. (a) E.M. Dexheimer 
and L. Spialter, I. Organomet. Chem., 107 (1976) 229; (b) J.A. 
Soderquist and G. Ji-Ho Hsu, Organometallics, 1 (1982) 830; (c) 
R. Tacke, K. Pritsche, A. Tafel and F. Wuttke, J. Organomet. 
Chem., 388 (1990) 47. 
29 J.A. Dale and H.S. Mosher, J. Am. Chem. Soc., 95 (1973) 512. 
30 J.A. Dale, D.L. Dull and H.S. Mosher, J. Org. Chem., 34 (1969) 
2543. 
31 O.L Gamborg, R.A Miller and K. Ojima, Exp. Cell &s., 50 
(1968) 151. 
32 T. Murashige and F. Skoog, PhysioL PIDnt., 15 (1962) 473. 
